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Vegetation of Slope Forests 
Along the Des Moines River1 
DANA ROY SANDERS2 
2Department of Botany and Plant Pathology, Ames, Iowa 50010. 
Abstract. Vegetation of the slope forests along the Des Moines 
River in the area of the Saylorville Reservoir was surveyed with the 
objectives of determining composition of these forests and of pro-
viding data prior to flooding. The study consisted of two sections-
a transect study and a random-point study. The transect study 
provided data for which species-pair correlations were determined. 
The random-point study provided a more detailed description of the 
species composition. Average cover values for herbaceous species 
which are presented indicate great variability from stand to stand. 
The same conclusions were drawn from the importance values of 
canopy species. The continuum approach was used to order the data. 
Many herbaceous species show trends in relation to the continuum 
index, indicating variations in ecological amplitude of the component 
species. Parthenocissus quinquefolia decreases in stani:ls with high 
continuum-index numbers, while Anemonella thalictroides shows the 
reverse tendency. 
Reservoirs being constructed along the Des Moines River are ex-
pected to have a profound effect on the composition of the surrounding 
forested slopes. In order to determine the effects of the prolonged 
flooding on the vegetation of these slopes, a pre-impoundment survey 
of the vegetation was deemed necessary. In addition, quantitative 
data regarding the herbaceous vegetat:on of these slope forests had 
not been reported. For these two reasons, a study was undertaken in 
1965 to characterize the natural vegetation on the forested slopes in 
the Saylorville Reservoir area. A comparison of the data froll! this 
study with the data made available following flooding will be of value 
in the long-range planning and management of the forests bordering 
reservoirs in Iowa. 
Traditionally, the forests of Iowa have been classified as maple-
basswood or oak-hickory (Aikman and Smelser, 1938). The continuum 
approach outlined by Curtis and Mcintosh ( 1951) was used to ar-
range stands. The continuous nature of stand variability, as shown 
by both the canopy stratum and the herbaceous stratum, suggested 
\hat discrete community types do not exist within these slope forests. 
METHODS 
Sites for study were selected using the following criteria: ( 1) loca-
tions with little recent disturbance; ( 2) sites from different sections 
of the reservoir; and ( 3) ease of relocation following flooding. At 
least two stands were selected at each site, one on the upper slope 
and another on the lower. All takes are constructed on this basis. 
!Partially financed through research funds from the Iowa State Water Resources 
Research Institute Project number 425-21-11 and matching fund grant number 
425-21-11. 
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Slopes were generally steep (25-50 percent) with poorly-developed 
soils. On some lower sites, the slope was not so steep and some soil 
development was possible. Slopes were confined to east or north 
aspects. 
The sampling techniques employed wer.e of two basic types - a 
transect study and a random-point study. The first involved the use 
of transects extending the entire iength of the slopes. Sample plots 
(20 cm. X 50 cm. quadrats) were taken at six-foot intervals along 
the transect. Cover values were recorded for each species using the 
cover classes of Daubenmire (1959). 
The second part of the study involved the use of random sample 
points. This was considered necessary due to the inadequacies of the 
transect in estimating the abundance of species within a site. For this 
part of the study, it was necessary to consider the various strata of 
the vegetation separately. The quarter method (Curtis and Cottam, 
1962) was used to sample the canopy, with forty sample points taken 
on ea.ch site. The same method was used to sample canopy reproduc-
tion, with individual height be'.ng substituted for basal area as a means 
of determining relative dominance. The cover method (Daubenmire, 
1959) was used to sample the herbaceous stratum, with 161 quadrats 
examined within each stand. Classification in this paper is according 
to Fernald (1950). 
RESULTS 
The data collected from the transect study was used for determining 
correlation coefficients for species-pairs. The resulting species associa-
tions were then presented as a spec~es constellation in which species 
were grouped according to their correlation tendencies (Figure 1). 
Solid lines represent positive correlations while dashed lines represent 
negative correlations. Two general groups of species are apparent. 
One group is represented by Quenus rubra (red oak), Acer nigrum 
(black maple), Tilia americana (basswood), and Carya cordiformis 
( yellowbud hickory). These species are either directly correlated, or 
are correlated with other species. The other group is represented by 
Quercus alba (white oak), Ostrya virginiana (ironwood), Ribes spp. 
(gooseberries), and Parthenocissus quinquef olia (Virgin~a creeper). 
The majority of correlations between the two groups are negative. 
For the random-point study, importance values for canopy species 
are presented in Table 1. Some trends are evident. Quercus rubra is 
by far the most important canopy species on upper sites. Other species 
of high importance on sites with high continuum-index numbers in-
clude Tilia americana and Acer nigrum. The continuum-index number 
of a stand reflects the importance values for species weighted accord-
ing to the competitive ability of the individual species. Species show-
ing high importance values in stands with low continuum-index num-
bers include Quercus alba and Carya ovata (shagbark hickory). 
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Figure 1. Constellation based on correlation values greater than .4 for species-
pairs in Area III (Jester II). Those symbols with an s in parentheses 
represent saplings and seedlings of the particular species, while those 
symbols with an i in parentheses represent mature individuals. Species 
symbols include; Ani, Acer nigrwm; Abr, Ampicarpa bracteata; Bpu, 
Bromus purgans; Cam, Campanula americana; Cro, Carex rosea; Csp, 
Carex sp.; Ceo, Carya cordiformis; Cov, Carya ovata.; Csc, Celastrus 
scandens; Coe, Celtis occidentalis; Crsp, Crataegus sp.; Fni, Fraxinus 
nigra; Fpe, Fraxinus pennsylvanica; Gap, Galium apa.rine; Gdi, Gym-
nocladus dioica; Ipa, Impatiens pallida; Ldi, Lonie era dioica; Ovi, 
Ostrya virginiana; Pqu, Parthenocissus quinquefolia; Pea, Polygonatum 
canaliculatum; Qal, Quercus alba; Qru, Quercus rubra; Rra, Rhus 
radicans; Risp, Rib es spp.; Sea, Sanguinaria canadensis; Sst, S'ilene 
stellata; Tam, Tilia americana; U ru, Ulmus rubra; Ulsp, Ulmus spp.; 
Visp, Viola spp.; and Xam, X anthoxylum americanum. 
Table l 
Importance Values for Tree Species on Upper Sites Arranged from Left to Right 
in Order of Increasing Continuum-Index Numbers of the Stands 
Species 
Quercus alba ............ . 
Carya ovata ............ . 
Ulmus americana ........ . 
Ulmus rubra ............ . 
Ostrya v1rgimana ........ . 
J uglans nigra ........... . 
Acer nigrum ............ . 
Carya cordiformis ....... . 
Gymnocladus dioica 
Tilia americana .......... . 
Quercus rubra ........... . 
Gleditsia triacanthos ..... . 
Quercus macrocarpa 
Celtis occidentalis 
1 
(1506) 
117.3 
79.1 
27 .6 
16.7 
10.6 
8.9 
7.5 
7.4 
7.0 
6.9 
4.3 
2.0 
1.8 
1.5 
2 
( 1730) 
66.5 
55.7 
66.3 
3.4 
40.7 
6.2 
25.6 
4.2 
1.9 
3 
(1778) 
14.0 
3.8 
5.0 
31.5 
13.9 
9.4 
32.2 
25.0 
4.0 
56.3 
4 5 6 
(2128) (2199) (2235) 
17 .6 2.1 
8.1 5.5 3.9 
52.7 5.8 3.7 
7 .2 17 .2 5.2 
53.2 21.8 56.0 
2.2 
31.7 73.9 45.3 
4.8 12.3 3.2 
20.5 49.4 60.2 
86.8 62.7 94.2 
2.3 
3.0 
1.3 5.3 
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Table I. Continued 
Fraxinus nigra ........... 1.4 9.4 5.9 23.3 
Fraxinus pennsy!vanica .... 28.3 78.6 5.3 16.2 11.6 
Amelanchier arborea ...... 1.3 1.3 1.3 8.5 
Pru nus serotina .......... 13.3 
Crataegus sp . 
...... ······ 
3.5 
Morus rubra ............. 1.3 
Table 2 shows average cover values. for herbaceous species on upper 
sites. P. quinquefolia is shown to be an important species on upper 
sites, but it definitely decreases in average cover in stands with high 
continuum-index numbers. Ribes spp., Geum canadense, and Carex 
rosea show the same trends. 
Species increasing in average cover values with increases in con-
tinuum-index numbers of the stand include Amphicarpa bracteata, 
H epatica acutiloba, Anemonella thalictroides, Asarum canadense, 
Uvularia grandiftora, and Carex albursina. These species appear to 
be good indicators of stands whose continuum-index number is rela-
tively high, and are most often associated with Acer nigrum, Quercus 
rubra, and Tilia americana. 
Many species, however, show no definite trends in relation to the 
continuum-index numbers of the stands. This could be due to several 
factors including ( 1) past disturbance such as grazing; ( 2) broad 
ecological amplitude of the species; or ( 3) so infrequent occurrence 
in the samples that no definite trends were evident. 
When frequency values for herbaceous species are compared with 
average cover values on upper sites, the same trends are evident 
(Sanders, 196 7). 
DISCUSSION AND CONCLUSIONS 
The species constellation shown in Figure 1 reflects specific varia-
tion in ecological amplitude. Factors such as the amount of solar 
radiation, moisture relationships, and temperature are reflected in this 
constellation. 
For example, Ribes spp. is shown to be negatively correlated with 
a number of species in the Acer nigrum group, probably due to its 
inability to compete successfully with these shade-tolerant species. 
Conversely, Ribes spp. is positively correlated with a number of species 
in the Quercus alba group, indicating favorable conditions for its 
growth in the more open canopy. A species such as Amphicarpa brac-
teata shows the reverse relationship, being positively correlated with 
a number of species in the Acer nigrum group but being nega:t;ively 
correlated with t,he Quercus alba group. This is possibly due to the 
moisture requirements of Amphicarpa bracteata being greater than 
that available in areas where the Quercus alba group is found. It 
could also be due to the inability of A. bracteata to compete success-
fully with P. quinquefolia. 
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Table 2 
Average Cover Per Plot for Herbaceous Species and Tree Seedlings on lipper Sites 
Arranged from Left to Right in Order of Increasing Continuum-Index 
Number of the Stands 
1 2 3 4 5 6 
Species (1506) ( 1730) (1778) (2128) (2199) (2235) 
Parthcnodssus quinquefolia 13.26 15.33 13.30 14.43 11.11 2.52 
Rib es spp . . . . .. . . . . . . .. . . 8.57 3.39 9.48 3.31 .73 .33 
Lonicera dioica 4.00 .70 .o.s .02 .03 
Carex rosea .......... 1.62 .64 2.34 .16 .08 .17 
lilmus spp. (s) . ........ 1.12 .40 1.36 .08 .89 .34 
Ge um canadense .......... 1.07 .03 2.38 .17 
Quercus alba (s) ......... .65 1.23 .02 
Aster sp . . . . .. . . . . . . . . . . .62 .05 .05 .16 
Viola spp. ............... .50 .33 3.66 .16 .16 .02 
Cary a ova ta (s) ........ '. .44 1.09 .02 .08 .88 .12 
Eupatorium rugosum ..... .40 
Poa pratensis ............ .36 .17 
Rh us radicans ............ .34 .76 1.47 6.17 .56 .85 
Sanicula canadcnsis ..... ". .31 .03 .30 .63 .14 
Vi tis riparia .............. .28 .11 .20 .19 .11 
Tilia americana (s) ....... .26 .17 .48 .33 .56 .23 
Carex sp . . . . . . ... . . . . . . . . .23 .70 .05 .34 .81 .95 
Silene stcllata ............ .17 .02 .02 .02 
Celastrus scandens ........ .14 .76 1.20 .30 .99 
Prunus virginiana .12 .02 .03 .03 
Celtis occidentalis (s) ..... .11 .03 .56 .95 
Osmorhiza claytoni ....... .11 .05 .05 .63 .03 
Ru bus spp . . . . . . . .. . .. . . . .11 6.03 
Ostrya virginiana (s) 
.09 1.23 .42 .67 .92 
Hydrophyllum virginianum .08 .17 .20 .22 .02 
Muhlenbergia sobolifera ... .08 
Amphicarpa bracteata ..... .06 .19 .25 .58 1.37 
Fraxinus pennsylvanica (s). .06 .25 
.66 .26 
Plantago purshi .......... .06 
Viola pensylvanica ........ .03 .06 .03 
Cryptotaenia canadensis ... .03 
Acer nigrum (s) .......... .03 .44 .20 .54 1.61 1.96 
Rosa blanda ............. .03 .06 .02 
Chenopoclium album .03 
Menisperum canadense .... .03 
.33 .19 
Morus rubra (s) .......... .02 
Brom us purgans . . . . . . . . . . .02 .03 .02 .30 Campanula americana ..... .02 .78 .11 .08 .30 
Impatiens pallid a . . . . . . . . . .02 .08 .28 .59 .73 
Crataegus sp. (s) ......... .02 
.02 
Gleditsia triacanthos (s) .02 
.02 
Carya corcliformis (s) .02 
.11 
.86 .02 
Smilax tamnoides hispicla .. .02 .11 .30 1.18 .11 
Smilax herbacea . . . . . . . . . . .02 
.31 
Polygonum convolvulus ... .02 
Gali um aparine . . . . . . . . . . .02 1.10 .11 .39 .63 .48 
Potentilla arguta ......... .02 .05 
Helianthus tuberosum 1.10 
Desmodium glutinosum .... .82 
.94 1.96 
Sanguinaria canadensis .... .30 1.94 
Phryma leptostachya ...... .1 Q 
.19 .03 1.08 .20 Anemone quinquefolia .14 .23 
Hystrix patula ........... .12 
.05 .06 .09 Quercus rubra (s) .... ' ... .11 
.05 .38 .50 
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Hepatica acutiloba 
Corylus americana 
Festuca obtusa .......... . 
Flymus villosus ......... . 
Panicum latifolium ...... . 
Pilca pumila ............ . 
Anemonella th aEctroides .. . 
Lactuca sp. . ............ . 
Polygonatum canaliculatum. 
Adiantum pedatum ...... . 
Xanthoxylum americanum .. 
Fraxinus nigra (s) ....... . 
N epeta cataria ........... . 
Cornus spp. (s) ......... . 
Oxalis stri.ca ............. . 
Cystopteris fragilis ....... . 
Thalictrum dioicum ...... . 
Osmorhiza longistylis 
Amelanchier arborea ..... . 
Arisaema triphyllum ..... . 
Asarum canadense ....... . 
U vularia grandiflora ..... . 
Carex albursina ......... . 
Staphylea trifolia (s) .... . 
Solidago ulmifolia ....... . 
Laportea canadensis 
Table 2. Continued 
.09 
.09 
.08 .05 
.08 .02 
.05 
.03 .66 1.23 
.03 .02 
.02 
.02 .02 
.02 
5.23 .19 
1.89 .05 
.05 
.03 .05 
.03 
.02 
.44 
.03 
.03 
.02 
2.70 
1.06 
10.06 
.11 
.25 
.64 
.02 
.08 
.66 
3.17 
.97 
.45 
.16 
.14 
.13 
83 
.93 
.25 
.02 
.11 
18.57 
.02 
1.20 
.73 
.05 
.02 
Panax quinquefolius ... _:_. _· . ___________________ .5_9_ 
The data presented for the canopy species in Table 1 is indicative 
of the stand to stand variability encountered in these slope forests. 
Only one stand should be categorized as oak-hickory, and not a single 
stand should be designated maple-basswood. The abundance of elm 
and the scarcity of oak reproduction in the one oak-hickory stand 
suggest a shift in community structure (Sanders, 196 7). 
Functionally, the monoclimax theory is not consistent with these 
findings. The polyclimax theory does not account for the stand vari-
ability. A suitable approach utilizes the theory of the continuum. 
This approach permitted order to be achieved where disorder had 
previously prevailed. 
The significance of Table 2 (average cover values for herbaceous 
species on upper sites) is that many species show trends in relation 
to continuum-index numbers. These cover values contributed nothing 
to the assignment of the continuum-index numbers, yet the species 
trends are there. These trends can be explained by the same factors 
which separated the two groups of species in Figure 1. Ribes spp. 
decreases along the index due to its inability to compete with the 
species growing in the greater shade. 
SUMMARY 
Quantitative data regarding forest vegetation was presented for 
upper slope stands. Important canopy species varied from site to site 
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with Quercus alba and Carya ovata being important on sites with 
lower continuum-index numbers. Quercus rubra, Acer nigrum, and 
Tilia americana were found to be dominants on sites with high con-
tinuum-index numbers. 
Parthenocissus quinquefolia, Ribes spp., and Carex rosea were found 
to be important herbaceous species on sites with lower continuum-
index numbers, while Anemonella thalictroides, Amphicarpa bracteata, 
Hepatica acutiloba, Uvularia grandiftora, and Carex albursina were 
important on sites with higher continuum-index numbers. This was 
shown to be true by both frequency values and average cover values. 
A constellation of correlation coefficients for species-pairs tends to 
point out the same relationships as did the data from the random 
study. 
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